This p a p e r is concerned.with the kinetics of hemolysis of chicken red cells b y the simple hemolysins, saponin, sodium taurocholate, and sodium oleate. T h e action of these lysins has been extensively studied on m a m m a l i a n red cells, b u t quantitative investigations on the n u d eated cell are wanting.
Methods.
The methods used in this work are almost identical with those described by Ponder (1, 2) . They will be briefly sketched here.
The standard blood cell suspension is usually taken as a 2.5 per cent suspension of erythrocytes, twice washed in 0.85 per cent NaCI. In this work, however, a double strength suspension, 5 per cent of chicken blood cells, was found to give a more distinct end-point and was therefore used throughout. The suspension is always made up from freshly drawn oxalated blood, and used within a few hours after preparation. The estimation of the time taken for the lysis is carried out in a constant temperature water bath, made with glass sides; this permits the contents of the tubes to be seen by transmitted light without the removal of the tubes from their environment.
The white lined background of the bath permits accurate determinations of the end-point for non-nucleated cells. But with the nucleated chicken erythrocyte the sharp end-point as found in the hemolysis of human cells is not obtainable, the lack of sharpness being due to suspended nuclei and ghosts remaining after the hemolysis is complete. The ruled background thus proves of little value. This necessitates the establishment of a new end-point for complete hemolysis of the nucleated red cell. This end-point is naturally more arbitrary than the definite one found in the hemolysis of non-nucleated cells, and it is only with much practice that consistent values are obtained in our experiments. To aid in these determinations two tubes for comparison are placed in the bath; one tube contains a suspension of cells in the same dilution but without the lysin, the other tube contains an example of complete hemolysis of the nucleated blood. The temperature of the bath is kept at the constant temperature of 25°C.
A series of stock dilutions of saponin are required. These dilutions are labelled 1 in i0,000, 1 in 20,000 up to 1 in 70,000. Any intermediate dilutions can be made as required. To keep the amount of the hemolytic agent which comes in contact with the ceils in round numbers, the following method is used. A known weight of saponin is dissolved in sufficient 0.85 per cent NaCI to make it 2.5 times the strength indicated. For example, the dilution labelled 1 in 10,000 is really 1 in 4,000 saponin. When 0.8 cc. of this solution is taken and to it is added 0.8 cc. of saline and finally 0.4 cc. of the blood suspension, the resulting dilution is I in 10,000 with a final volume of 2 cc. These saponin stock dilutions keep without loss of hemolytic power for about a week in well stoppered bottles and in a cool place.
The dilutions of taurocholate are prepared as follows. The sodium taurocholate after having been weighed in a stoppered weighing bottle is dissolved in a quantity of 0.8 per cent NaCI to make a 2.5 per cent solution. From this solution the other necessary dilutions are made as required. As Ponder points out, among other precautions necessary to observe when working with taurocholate, the solution must be used as soon as the dilutions are made, because upon standing even a short time the taurocholate undergoes a change in physical state and loses some of its hemolytic power.
The same method as outlined for taurocholate preparation is used in the making of the sodium oleate solution. The dilutions are made from the 2.5 per cent solution of oleate.
In this hemolytic work great care must be exercised that all glassware is clean. The cleansing is done in distilled water; the glass is then exposed to live steam and dried in a hot air oven.
To illustrate how a determination is made an example follows. Of the saponin solution marked 1 in 10,000, 0.8 cc. is placed in a small dry test-tube of clear white glass (1.5 cm. by 10 cm.). To this is added 0.8 cc. of 0.85 per cent NaC1 solution; the tube is then placed in the water bath. In the same bath, there are placed a vessel containing the blood suspension to be added to the lysin, and a tube containing a graduated pipette immersed in 0.85 per cent NaC1 solution. When the suspension and the dilution of the lysin have acquired the temperature of the bath, 0.4 cc. of the blood suspension is added with the warmed pipette. The time between the addition of the blood suspension and the completion of the hemolysis is noted with a stop-watch.
This procedure is carried out for the different dilutions of the lysin. A timedilution curve (as shown in Fig. 1 ) is thus obtained by plotting the dilution of the lysin against the time taken by it for the completion of lysis of the quantity of suspension used.
The observed curve is then fitted with the expression,
in which t is the time in minutes required for the completion of the lysis, c the initial concentration of lysin in the system measured in milligrams, x the amount in milligrams of lysin used up in producing the lysis, and g a constant.
To determine the value x, we find the asymptote where t = ~ and c ffi x. This is found first by inspection and then by trial; the value of c corresponding to the asymptote gives the value of x, the constant g is then found from the above expression. All these curves have been determined several times, but only a representative one for each lysin is given here. 
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RESULTS.
1. Hemolysis by Saponin.mThe relations between t, the time for complete hemolysis of the chicken cell suspension, and 8, the dilution of the saponin acting on the cells in the system of 25°C., is expressed below. The values of t are calculated from the values t = oo and 8 = 72,000, hence x = 0.277 and K --0.203. This calculated curve is given in Fig. 1 , and the observed points plotted as small circles. From this graph it is obvious that the observed curve is described by the expression (1) with a goodly degree of accuracy; it may therefore be concluded that the time-dilution curve for the action of saponin on the nucleated red cell is very similar to the curve given by saponin on the non-nucleated erythrocyte. Taurocholate The values of t are calculated from x --0.9091 and K -0.715, where t = oo and ~ is 2,200. It is found (Fig. 2) that the formula fits the observed curve. The curve is similar in almost every respect to that with the saponin, except in the range of effective dilutions. Whereas 1 in 72,000 of saponin is the dilution for hemolysis in infinite time, 1 in 2,200 of the taurocholate is necessary.
Hemolysis by Sodium
Oleate.wIn the action of sodium oleate on the nucleated chicken red cell a new point, not met in the case of the other lysins, must be considered. In high concentrations this lysin first attacks the corpuscular membrane, thus causing hemolysis as we have been considering it. The lysin then continues its action and destroys the nuclei and ghosts, and as a result a clear end-point, as in non-nucleated cell hemolysis, is reached. Thus from the one experiment two end-points for each dilution are found within a limited range of activity. From these two sets of data, two curves can be obtained, with a different value of K and of t = o~ for each. One curve is the time-dilution curve for the action of the lysin on the corpuscular membrane, causing cytolysis, while the second is the time-dilution curve for the action of the oleate on the nuclear material, causing karyolysis.
Since the nuclei are destroyed only with very concentrated solutions of the oleate--in the range of 1 in 500 to 1 in 3,000--while, on the other hand, hemolysis occurs in dilutions up to 1 part of oleate in 17,500 parts of 0.85 per cent NaC1, the first curve is obviously less detailed than the second one. The two curves are given in Figs. 3 and 4 .
The data for the hemolysis give: The values of t are calculated from x = 0.1136andK = 1.23. Itcan be seen from both the data and the curve (Fig. 3 ) that these observed values fit the theoretical curve (1) except between 1 in 2,500 and 1 in 10,000 where the rate of the hemolytic action is retarded. Why such an irregularity should occur cannot be definitely stated at this time. However, a somewhat similar case is found in the hemolysis of the non-nucleated red cell when sodium glycocholate is used (3).
The data for the curve (Fig. 4) The values of t are calculated from x --0.625 and K --0.541. The fit of the observed values to the calculated curve is very good, and in the light of the difficulty in judging the end-point the curve is really better than might be expected. This curve for karyolysis is of the first order and is of the same degree as the curve for the cytolytic action of the oleate.
After this peculiarity in the lower dilutions of the hemolysis curve with oleate was found, the taurocholate curve was investigated with a view to discovering whether any similar deflection occurs there. No such irregularity was found in this case. However, in the case of taurocholate, in a dilution around 1 in 2,000, the observed values for t do not always agree with the calculated one, but from time to time vary, with the result that this dilution gives a cluster of points rather than a constant one. This interesting phenomenon is under study at present.
HEMOLYSIS O~" CHICKEN BLOOD
Method of Determining Viscosity.
The determinations of viscosity are made by the Ostwald method. The system is placed in the constant temperature bath at 250C. and with this method consecutive readings are made rapidly and without removing the fluid under observation from the bath.
The lysin, saline, and blood suspension are in the same concentration as used in the test-tube for determining the time-dilution curves of the lysin; i.e., 2 cc. of the selected dilution of the lysin is put into the apparatus, then 2 cc. of 0.85 per cent NaC1 is added. After these have reached the temperature of the bath, 1 cc. of the blood suspension is added and immediately the system sucked up into the calibrated bulb. The time consumed for the fluid to leave the bulb is recorded by a stop-watch. These readings are continued until the viscosity becomes constant. The system is gently blown through prior to each reading to insure thorough mixing. The viscosity of water is taken as unity and the relative viscosities are found by comparison with that of water; the absolute viscosity at 25°C. is found by multiplying the relative viscosity by the constant 0.009. The tlme-viscosity curves are plotted with the relative viscosity on the ordinate and the moment of time at which the fluid is released from the top of the bulb on the abscissa. For the sake of completeness, viscosity changes were looked for in connection with the hemolysis of the nucleated red cell by saponin, but none were found. The viscosity changes noted in connection with the hemolysis by taurocholate and oleate, respectively, occur only after the hemolysis of the cells is mostly, if not entirely, completed.
Viscosity in Sodium Taurockolate Blood System.--Viscosity
changes with taurocholate are found with dilutions ranging between 1 in 100 and 1 in 600. It was found most convenient with our apparatus to take a medium strength solution, hence 1 in 400 is the strength of the sodium taurocholate used.
Although the curve is plotted from readings taken as frequently as possible, only part of the data is given. As can be seen from the figure (Fig. 5 ) the viscosity very rapidly reaches a maximum (7 or so times that*of water) within 5 or 6 minutes after the blood suspension and the lysin have been mixed. The viscosity then drops, rather rapidly at first, then more slowly, until a point where the system is practically twice as viscous as water and there it remains.
Viscosity with Sodium
Oleate.--The same type curve is found in respect to the sodium oleate and chicken cell suspension as is given by the action of sodium taurocholate. However, since the oleate has a stronger hemolytic activity than the taurocholate, a weaker concen-. tration is used. A dilution of 1 in 1,200 is found to be about the best for this work. In hemolysis by high concentrations of oleate, the nuclei are rapidly destroyed (karyolysis) before the viscosity change appears and the red fluid is transparent.
However, within 10 minutes after hemolysis the fluid becomes cloudy once more.
As can be seen from the curve (Fig. 6 ) the system becomes almost 10 times as viscous as water after about 5 minutes. Then, as in the case of taurocholate, the curve gradually descends and in this case reaches a minimum viscosity after about 35 minutes. By a comparison of the oleate and the taurocholate curves, although the oleate solution is one-third the strength of the taurocholate solution, it will be seen that they are of the same general form and doubtlessly represent the same type of phenomenon.
The viscosity changes, both in case of oleate and taurocholate, do not occur until after the hemolysis of the nucleated chicken red cell is complete. The fact that taurocholate and oleate form loose compounds with the hemoglobin of the cells may have some relation to these viscosity changes.
Microscopic Action of Lysins.
Although no actual measurements of the changes in the shape, size, etc., of the nucleated erythrocytes were made during the action of the lysins upon them, the cells were frequently examined microscopically.
The chicken erythrocyte in 0.85 per cent NaC1 appears ellipsoidal in flat view, except that each end of the cell is distinctly pointed. The nucleus appears to be a biconvex body in the center of the cell. After the lysin is added to the cell, it gradually loses its pointed ends and its ellipsoidal shape and becomes circular in flat view. After assuming this spherical shape, it gradually fades from view, leaving what appears to be a smaller nucleus in the center of a spherical ghostcell. These observations hold for all three lysins used, and point to the fact that the mechanism of the hemolysis of the nucleated blood cell is similar to that found in the hemolysis of the non-nucleated mammalian erythrocyte (4).
S~MARY
AND CONCLUSI01qS.
1. The time-dilution curves are given for the hemolytic action of saponin, sodium taurocholate, and sodium oleate on nucleated chicken erythrocytes.
2. Saponin and sodium taurocholate cause hemolysis but leave the nuclei and ghosts in suspension, thereby making the end-point of hemolysis more arbitrary than the clear end-point for non-nucleated cell hemolysis.
3. The curves of hemolysis by saponin and taurocholate are shown to be of the same nature as are found in the hemolysis of non-nucleated cells. 4 . Sodium oleate causes first hemolysis and then, in the stronger solutions, causes karyolysis. Two pairs of values for x and ¢ --are thus obtainable for the same reaction, one pair for the destruction of corpuscular membrane, the other pair for the destruction of the nucleus.
5. Viscosity changes are found in the lysin-cell system with strong concentrations of sodium taurocholate and sodium oleate. Timeviscosity curves are given for these changes.
6. Microscopically, the action of these lysins on the nucleated chicken red cell appears to be similar to their action on the nonnucleated erythrocytes.
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